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Objective: The study was designed to investigate the frequency of misusing standard error of the mean
(SEM) in place of standard deviation (SD) to describe study samples in four selected journals published in
2011. Citation counts of articles and the relationship between the misuse rate and impact factor,
immediacy index, or cited half-life were also evaluated.
Materials and methods: All original articles in the four selected journals published in 2011were searched
for descriptive statistics reporting with either mean  SD or mean  SEM. The impact factor, immediacy
index, and cited half-life of the journals were gathered from Journal Citation Reports Science edition 2011.
Scopus was used to search for citations of individual articles. The difference in citation counts between
the SD group and SEM group was tested by the ManneWhitney U test. The relationship between the
misuse rate and impact factor, immediacy index, or cited half-life was also evaluated.
Results: The frequency of inappropriate reporting of SEM was 13.60% for all four journals. For individual
journals, the misuse rate was from 2.9% in Acta Obstetricia et Gynecologica Scandinavica to 22.68% in
American Journal of Obstetrics & Gynecology. Articles using SEM were cited more frequently than those
using SD (p ¼ 0.025). An approximate positive correlation between the misuse rate and cited half-life was
observed.
Conclusion: Inappropriate reporting of SEM is common in medical journals. Authors of biomedical papers
should be responsible for maintaining an integrated statistical presentation because valuable articles are
in danger of being wasted through the misuse of statistics.
Copyright  2014, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Researchers have observed a high rate of statistical errors in
many journal articles including those in leading journals since the
1960s [1e4]. Inappropriate statistical reporting has gained more
attention within the context of evidence-based medicine (EBM)
because EBMcritically depends on the quality of published research.
Descriptive statistics are often used to describe the study sample
in medical research articles. Generally, continuous data must bef interest to declare.
ng-Shan Medical University,
City 40201, Taiwan.
bstetrics & Gynecology. Publishedsummarized by two indices [5,6] to be meaningful, an index of
central tendency and an index of dispersion. If data are normally
distributed, the sample should be described using the mean and
standard deviation (SD).
Authors sometimes use the standard error of the mean (SEM)
to describe the variability of study samples. Lang [7] has pointed
out that using the SEM as a descriptive statistic is a common
statistical error found in biomedical research articles. The SEM is
not a descriptive statistic. It indicates the probability of the
population mean falling around the range of the sample mean
but not variability within the sample. The value of SEM is always
smaller than SD so if a sample is described as mean  SEM, it
might lead readers to underestimate the variability within the
sample [8,9].by Elsevier Taiwan LLC. All rights reserved.
Table 1
Frequency of using standard error of the mean (SEM) and/or standard deviation (SD)
in four selected journals listed in order of decreasing percentage of misusing SEM.
Misuse of
SEM, n (%)
Correct use
of SD, n (%)
Total n Impact
factora
(2011)
Immediacy
indexa
Cited
half-lifea
(y)
AJOG 44 (22.68) 150 (77.32) 194 3.468 0.782 9.9
BJOG 7 (9.27) 65 (90.28) 72 3.407 1.345 8.3
O&G 9 (7.44) 112 (92.56) 121 4.730 1.134 8.7
AOGS 2 (2.90) 67 (97.10) 69 1.771 0.294 8.4
Total 62 (13.6) 394 (86.40) 456 d d d
AJOG ¼ American Journal of Obstetrics & Gynecology; AOGS ¼ Acta Obstetricia et
Gynecologica Scandinavica; BJOG[ BJOG: An International Journal of Obstetrics &
Gynaecology; O&G ¼ Obstetrics & Gynecology.
a Data from Journal Citation Reports Science edition 2011.
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rate of incorrect use of SEM to be 11.5e27.7%. Nagele’s study [10]
evoked lively discussion and comments about inappropriate sta-
tistical presentation. Since 2003, Nagele’s paper [10] has been cited
in 26 articles. In addition, Jaykaran and Yadav’s [11] study noted
misuse of mean  SEM to be the most common reason for inap-
propriate descriptive statistics in the Indian Journal of Pharmacology
and the Indian Journal of Physiology and Pharmacology. Saurabh [12]
revealed that inappropriate reporting of SEM was common in ar-
ticles published in basic science journals. The issue of using SD or
SEM had also been discussed in correspondence or letters to the
editors of several medical journals [13e16].
The current analysis evaluated the frequency of inappropriate
use of the SEM in published articles in four selected obstetrics and
gynecology journals in 2011. Obstetrics & Gynecology and American
Journal of Obstetrics & Gynecology are two of the leading journals in
this ﬁeld. Most obstetricians and gynecologists use these journals
regularly, and not only in Western countries. BJOG: An International
Journal of Obstetrics & Gynaecology and Acta Obstetricia et Gyneco-
logica Scandinavica are European medical journals published in
English. Articles from these journals are used most frequently in
EBM learning courses or journal clubs by residents at Chung-Shan
Medical University Hospital, Taichung City, Taiwan.
The relationship between misuse rate and impact factor,
immediacy index, or cited half-life was evaluated. Citation counts
were also compared between articles using SD and misusing SEM.
Materials and methods
All original articles published in Obstetrics & Gynecology, Amer-
ican Journal of Obstetrics & Gynecology, BJOG: An International
Journal of Obstetrics & Gynaecology, or Acta Obstetricia et Gyneco-
logica Scandinavica in 2011 were searched for descriptive statistics
reporting using either mean  SD [or mean (SD)] or mean  SEM
[or mean (SEM)]. SEM is an inferential statistic and it should not be
used as a descriptive statistic. If SEM is used to describe the vari-
ability of the study sample, it will mislead readers to underestimate
the variability of the study sample. Therefore, in the current study,
reporting the SEM in the text, tables, and ﬁgures was considered
inappropriate when the SEM was used to describe the variability of
the study sample.
Articles reporting median and range and articles using only
inferential statistics were excluded. Case reports, short research
reports, short communications, review articles, and systemic re-
views were also excluded. Conference abstracts were not evaluated.
The impact factor, immediacy index, and cited half-life of the
four journals were gathered from Journal Citation Reports Science
edition 2011 in ISI Web of Knowledge, published by Thomson Reu-
ters. Scopus, provided by Elsevier, was used to search citations of
individual articles. All searches were concluded on September 30,
2012.
Frequency of misuse of SEM in these four journals was reported
as a number and percentage. The difference in citation counts be-
tween articles using SD and misusing SEM was tested by the
ManneWhitney U test. The relationship between SEM misuse rate
and impact factor, immediacy index, or cited half-life was also
evaluated.
A review and certiﬁcation of exemption for this research was
granted by the Institutional Review Board of Chung-Shan Medical
University Hospital.
Results
A total of 456 articles met the inclusion criteria, 121 in Obstetrics
& Gynecology, 194 in American Journal of Obstetrics & Gynecology,72 in BJOG: An International Journal of Obstetrics & Gynaecology,
and 69 in Acta Obstetricia et Gynecologica Scandinavica.
Three separate articles in American Journal of Obstetrics & Gy-
necology, BJOG: An International Journal of Obstetrics & Gynae-
cology, and Acta Obstetricia et Gynecologica Scandinavica that
reported median  SD were not evaluated.
Twenty-two articles, 12 in American Journal of Obstetrics & Gy-
necology, three in BJOG: An International Journal of Obstetrics &
Gynaecology, and seven in Acta Obstetricia et Gynecologica Scandi-
navica, only reported mean  ﬁgure without stating what param-
eter was used. These 22 articles were not included because neither
SD nor SEM was noted in the text, tables, or ﬁgures.
Sixteen articles used both the SD and the SEM to describe their
study samples, one in Obstetrics & Gynecology, 11 in American
Journal of Obstetrics & Gynecology, two in BJOG: An International
Journal of Obstetrics & Gynaecology, and two in Acta Obstetricia et
Gynecologica Scandinavica. In these articles, the authors usually
used SD to describe the demographic data and SEM to describe
laboratory or test results. We also noticed that the use of SEM was
more common in laboratory or basic science studies (41 in 62) than
in clinical studies (21 in 394).
The frequency of inappropriate reporting of SEMwas 13.6% (62 in
456) in total. For individual journals, themisuse rate ranged from2.9%
in Acta Obstetricia et Gynecologica Scandinavica to 22.68% in American
Journal of Obstetrics & Gynecology. Impact factor, immediacy index,
and cited half-life of each journal in 2011 are presented inTable 1. The
relationships between the misuse rate and impact factor, immediacy
index, and cited half-life are presented in Figs. 1e3 respectively.
Citation counts were different between articles using SD and
misusing SEM. Surprisingly, articles using SEM were cited more
frequently than those using SD (Table 2, mean rank 262.89 vs.
223.09, p ¼ 0.025).Discussion
The role of descriptive statistics is to describe a given study
sample without regard to the whole population. SD shows vari-
ability of the mean within the sample. SEM is an inferential esti-
mate of the stability of the mean of the study. The term “error” is
used to indicate the fact that due to sampling error, each sample
mean is likely to deviate somewhat from the true population mean.
Thus, the SEM is a measure of precision for an estimated population
mean but not a measure of data variability of the mean of a sample.
In general, readers are interested in variability within the sam-
ple not the proximity of the sample mean to the population mean.
The SEM is calculated as SD divided by the square root of the
sample size, so it is always less than the SD. Authors summarize
their data with SEM as it makes data seem less variable and more
representative. Readers may falsely conclude that the variability of
Fig. 1. Plot of impact factor (IF) against standard error of the mean misuse rate.
AJOG ¼ American Journal of Obstetrics & Gynecology, AOGS ¼ Acta Obstetricia et
Gynecologica Scandinavica, BJOG ¼ BJOG: An International Journal of Obstetrics &
Gynaecology, O&G ¼ Obstetrics & Gynecology.
Fig. 2. Plot of immediacy index against standard error of the mean misuse rate.
AJOG ¼ American Journal of Obstetrics & Gynecology, AOGS ¼ Acta Obstetricia et
Gynecologica Scandinavica, BJOG ¼ BJOG: An International Journal of Obstetrics &
Gynaecology, O&G ¼ Obstetrics & Gynecology.
Fig. 3. . Plot of cited half-life against standard error of the mean misuse rate.
AJOG ¼ American Journal of Obstetrics & Gynecology, AOGS ¼ Acta Obstetricia et
Gynecologica Scandinavica, BJOG ¼ BJOG: An International Journal of Obstetrics &
Gynaecology, O&G ¼ Obstetrics & Gynecology.
Table 2
Citation counts of articles using standard deviation (SD) andmisusing standard error
of the mean (SEM).
Citation counts SD group SEM group
Median (IQR) 2 (1e4) 3 (1e5)
Mean rank＊ 223.09 262.89
*p ¼ 0.025, ManneWhitney U test.
IQR ¼ interquartile range.
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the SD not the SEM because the SEM is a function of the sample size
and it is made smaller simply by increasing the sample size.
In addition, as two groups are compared, SD provides infor-
mation of the effect size. Effect size gives an idea of the magnitude
of difference to help differentiate between statistical signiﬁcance
and practical importance. Effect size is determined by calculating
the difference in means between two groups and dividing that
number by their pooled SD. It cannot be interpreted with SEM, as
SEM does not provide a direct impression of the effect size if the
numbers differ between groups.The main function of the SEM is to construct conﬁdence in-
tervals (CI). For instance, a 95% CI is obtained as the value of
1.96  SEM either side of the mean. When the author intends to
state the precision of an estimate, presenting a 95% CI is more
informative than reporting SEM.
We noted that 22 articles in these four selected journals re-
ported only mean  numerical ﬁgure without stating which
parameter was used. In some cases, readers can only “guess”
whether the ﬁgure is either SD or SEM by considering the sample
size. At ﬁrst, we supposed the ﬁgure to be SEM and multiplied it by
the square root of the sample size to get SD. If the reconstructed SD
is unreasonably large, the original ﬁgure may not be SEM. However,
we cannot be sure especially when the sample size is small. For
clarity, authors need to precisely state if SD, SEM, or what else
parameter is being used.
Three articles reported median  SD to describe the study
sample. For data that are not normally distributed, the median and
range (minimum and maximum) or interquartile range (IQR) are
recommended to state central tendency and dispersion. Reporting
median  SD is considered inappropriate.
We found the SEM misuse rate to be 2.90e22.68% in four ob-
stetric and gynecology journals in 2011 (Table 1). The frequency is
lower than Nagele’s study [10] results, which evaluated four
anesthesia journals published in 2001. We conclude that both au-
thors and editorsmay be payingmore attention to this problem and
thus complying with correct statistical methods.
The SEM misuse rate of American Journal of Obstetrics & Gyne-
cology was observed to be much higher than the others (Table 1).
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ence studies in American Journal of Obstetrics & Gynecology than in
the other three journals (American Journal of Obstetrics & Gynecol-
ogy 25%, BJOG: An International Journal of Obstetrics & Gynaecology
2.63%, Acta Obstetricia et Gynecologica Scandinavica 3.9%, and Ob-
stetrics & Gynecology 4.96%). We noticed that SEM was reported
much more frequently in laboratory and basic science studies than
in clinical studies (66.13% vs.5.33%). Therefore, it is not surprising
that the SEM misuse rate was much higher in the American Journal
of Obstetrics & Gynecology.
The impact factor reﬂects the relative importance of an aca-
demic journal within its speciﬁc ﬁeld. It is frequently used to
evaluate the quality of a journal. However, no relationship was
found between the misuse rate and the impact factor of these four
journals (Fig. 1). Immediacy index measures the average number of
times that an article, published in a speciﬁc year within a speciﬁc
journal, is cited over the course of the same year. It is useful in
determining which journals are publishing in emerging areas of
research. We did not observe any correlation between the misuse
rate and the immediacy index (Fig. 2). Our sample sizewas small, so
more journals might be necessary to evaluate the relationship. The
comparison of the impact factors of two journals from the USA
(Obstetrics & Gynecology and American Journal of Obstetrics & Gy-
necology) revealed that the higher the misuse rate (22.68% vs.
7.44%), the lower the impact factor (3.468 vs. 4.73). However, this
ﬁnding was not the case in the two European journals. Although
Acta Obstetricia et Gynecologica Scandinavicamisused SEM the least,
its impact factor is the smallest of the four journals. This observa-
tion may be attributed to this North European journal being less
popular. With regard to the relationship between SEM misuse rate
and immediacy index of journals, a similar situation was noted.
Cited half-life measures the number of years, going back from
the current year, that account for half the total citations received by
the cited journal in the current year. This provides an indicator of
the subtle changes in scope of a publication over the course of time.
Evaluation of this factor can provide information on the cross-
disciplinary nature of research in a speciﬁc ﬁeld of interest. We
observed an approximate positive correlation between SEMmisuse
rate and cited half-life. The higher the misuse rate, the longer the
cited half-life would be. However, cited half-life is not generally an
indicator of the speciﬁc value for a journal.
In spite of the statistical error, articles using SEM or both SD and
SEM are cited more often than articles just using SD. This ﬁnding
implies that it is not generally agreed that authors check whether
proper statistical methods have been used in the articles that are
cited.
The correlation coefﬁcient of citation counts and using SD or
SEM was small but still statistically signiﬁcant. Appropriate statis-
tics do not seem to play an important role in determining whether
an article should be cited or not.
Citation counts have emerged as a widely accepted measure-
ment for quality of journals [17]. There are several problems
involved in the use of citation counts as ameasurement of quality of
a scientiﬁc contribution [18]. First, citation counts are sensitive to
popular trends in science. Another problem is that citation counts
underestimate the contribution of applied scientists. Using citation
counts as a measurement of quality may be measuring what is
measurable rather thanwhat is valid. So, it is important to note that
using citation counts is a limited measurement of quality.
Authors cite articles for a variety of reasons. Case and Higgins
[19] investigated the most highly-ranked reasons for citing another
document. Articles are cited for prior literature reviews, concepts,documentation of the source of a method or design, and estab-
lishment of the legitimacy of the topic. Some references are cited
because they are authored by a recognized authority in the ﬁeld. In
this investigation, there were very few negative types of citation.
However, of the 15 reasons for citation identiﬁed by Garﬁeld [20],
20% are negative in nature. The negative reasons include dis-
claiming the work or ideas of others and disputing prior claims by
others.
A study will not reveal the fact if inappropriate statistics are
used. While citing other’s articles, authors should be sure whether
proper statistics are used in the articles that are cited. Moreover,
according to the ﬁndings in the current study, we would like to
remind readers that neither impact factor nor immediacy index can
reﬂect the quality of journals.
In conclusion, although the frequency of inappropriate report-
ing of SEM was less in the four obstetrics and gynecology journals
compared to the results of four anesthesia journals in 2001, the
total misuse rate still exceeded 13%. Valuable articles are in danger
of being wasted through the misuse of statistics. An appropriate
understanding and use of statistics is the most important part of
using scientiﬁc articles particularly in the EBM context. Authors and
editors of biomedical journals should always be responsible for
maintaining an integrated statistical presentation.
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